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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve a high-speed 
modulation operation by obtaining a semiconductor device 
having no leakage current and allowing a flow of a current to an 
active layer with high efficiency and allowing reduction of an 
element capacitance. 

SOLUTION: A clad layer 33 and an active layer 34 of a first 
conductive type are provided in order on an InP substrate 31. A 
clad layer 37 of a second conductive type in the shape of a 
ridge stripe is provided on the active layer 35. A stripe-shaped 
high resistance InP layer 41 is provided being buried at a depth 
up to the InP substrate 31 on both sides of the ridge. Both 
sides and the high resistance InP layer 41 are covered with an 
insulating film 43. An electrode 45 is formed on the second 
conductive type clad layer 37. An electrode 46 for wire bonding 
to be provided in connection to this electrode is arranged on 
the high resistance InP layer 41 through the insulating film 43. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The cladding layer of the first conductivity type formed one by one on the InP substrate, and a 
barrier layer, The cladding layer of the second conductivity type of the shape of a ridge stripe 
established on this barrier layer. It is prepared in the both sides of this ridge, and describes above. High 
resistance of the shape of a stripe laid underground in the depth which results in an InP substrate InP 
layer, The both sides of said ridge, and this high resistance A wrap insulator layer, the electrode formed 
in the cladding layer of said second conductivity type, and this electrode form InP layers successively, 
and it is said high resistance. Semiconductor device characterized by providing the electrode for 
wirebonding arranged through said insulator layer on the InP layer. 

[Claim 2] The semiconductor device according to claim 1 characterized by said barrier layer being a light 
absorption layer. 

[Claim 3] The process which processes the cladding layer of the second conductivity type of the 
account barrier layer upper part of back to front in which the cladding layer of the first conductivity 
type, the barrier layer, and the cladding layer of the second conductivity type were formed on the InP 
substrate, in the shape of a ridge stripe, and produces ridge structure, While forming a mask in said ridge 
structure, the aperture for etching is opened in the ridge both sides of this mask, and it describes above 
using this aperture. The process which forms the slot which results in an InP substrate, It is high 
resistance to the part of this slot. The process into which an InP layer is grown up alternatively, and this 
high resistance An InP layer and the both-sides side of said ridge by the insulator layer Wrap process, 
After forming the electrode by the side of said ridge, it is said high resistance. The manufacture 
approach of the semiconductor device characterized by providing the process which this insulator layer 
is made to intervene and forms the electrode for wirebonding on an InP layer. 

[Claim 4] The manufacture approach of the semiconductor device according to claim 3 characterized by 
replacing with said barrier layer and forming a light absorption layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to optical devices for optical communication, such as 
semiconductor laser which has the high-speed modulation characteristic, and an optical modulator, and 
the manufacture approach of those using metal-organic chemical vapor deposition (MO VPE or MOC VD). 

[0002] 

[Description of the Prior Art] For example, by semiconductor laser, the oscillation at a room 
temperature became easy by [ which is an optical device for optical communication ] using double 
hetero structure. Furthermore, in addition to this, pad hetero (BH) structure etc. was devised for low 
current actuation and amelioration of an optical property. By BH laser, GaAs which is a barrier layer is 
surrounded completely, and since the field in which light is confined is clear, the transverse mode is 
stabilized very much. However, since structure is complicated, as for BH laser, the manufacture 
approach also becomes that with which the hand was crowded. 

[0003] By the manufacture approach of this kind of semiconductor laser "Reference Planar—embedded 
InGaAsP/InPheterostructure laser with a semi-insulating InP current-blocking layergrown by 
metalorganic chemical vapor deposition : ** indicated by T.Sanada et al.;Applied Physics Letters, Vol.51, 
and 1054-1056(1987)" It explains based on drawing 10 . First, on the n-InP substrate 1 The n-InP 
cladding layer 3, the InGaAsP barrier layer 5, the p-InP cladding layer 7, and the p-InGaAsP contact 
layer 9 are formed ( drawing 10 a). Next, the mesa stripe 13 with a height of 2.5 micrometers is formed 
by using Si02 with a width of face of 4.5 micrometers as the etching mask 1 1 ( drawing 10 b). In this 
case, in order to control the transverse mode of the laser beam to oscillate, width of face Wa of a 
barrier layer part is set to 2 micrometers or less. 

[0004] Next, the both sides of the mesa stripe 13 are embedded with the Fe dope InP 15 (anti-insulating 
layer) by metal-organic chemical vapor deposition (MOVPE or MOCVD) ( drawing 1 0 c). Next, in order to 
form an electrode, Si02 mask 1 1 for etching is removed, Si02 mask 1 7 is newly formed in the whole 
surface, and the stripe window 1 9 with a width of face of 7 micrometers is opened focusing on a mesa 
stripe part, next, a p-InGaAsP contact layer side — object for ohmic contacts the Pt/Ti electrode 21 is 
formed — a n-InP side — the same — The Au/AuGe electrode 23 is formed. Furthermore, in order to 
carry out bonding of this component to a heat sink etc., the Au electrode 25 with a thickness of 3 
micrometers is plated on both sides ( draw in g 10 d). 

[0005] Thus, component capacity is usual small (3.5pF) by using the Fe-InP layer 1 5 as a current block 
layer in the manufactured semiconductor laser. Compared with a component with P-n reverse bias 
structure, component capacity becomes 1/10 or less, and high-speed modulation actuation is attained. 
[0006] 

[Problem(s) to be Solved by the Invention] If a current is passed in the forward direction, in above- 
mentioned semiconductor laser, the electron poured in from'^the n-InP cladding layer 3 The electron 
hole poured in from the p-InP cladding layer 7 while being shut up in the InGaAsP barrier layer 5 is also 
this appearance. It is shut up in the InGaAsP barrier layer 5. Therefore, a current is . It will flow, only 
when an electron and an electron hole recombine within the InGaAsP barrier layer 5. however, in the 
semiconductor laser obtained by the above-mentioned manufacture approach The Fe-InP layer 1 5 is on 
both sides of a mesa stripe. p-InP cladding layer 7 Since it is inserted in the interfaces 27 and 29 with 
the n-InP cladding layer 3, The Fe-InP layer 15 which shows high resistance (specific resistance >108 
omegacm) to impregnation of the electron from the n-InP cladding layer 3 did not show a high resistive 



characteristic to the electron hole (hole), but there was a problem on which leakage current flows 
mostly on both sides of a mesa stripe. Consequently, there was a problem that an oscillation threshold 
increased or the oscillation effectiveness of laser worsened. Moreover, since broadcloth area structure 
was used for above-mentioned semiconductor laser, it was difficult for an electrode surface product to 
become large and to reduce component capacity further (1pF or less). While this invention was made in 
view of the above-mentioned situation, does not have leakage current on both sides of a mesa stripe 
and being able to pass a current efficiently to a barrier layer, the semiconductor device which can make 
component capacity small, and its manufacture approach are offered, and it aims at aiming at 
improvement in high-speed modulation actuation. 
[0007] 

[Means for Solving the Problem] The semiconductor device concerning this invention for attaining the 
above-mentioned purpose The cladding layer of the first conductivity type formed one by one on InP 
substrate, and a barrier layer, The cladding layer of the second conductivity type of the shape of a ridge 
stripe established on this barrier layer, It is prepared in the both sides of this ridge, and describes above. 
High resistance of the shape of a stripe laid underground in the depth which results in an InP substrate 
InP layer, The both sides of said ridge, and this high resistance A wrap insulator layer, the electrode 
formed in the cladding layer of said second conductivity type, and this electrode form InP layers 
successively, and it is said high resistance. It is characterized by providing the electrode for wirebonding 
arranged through said insulator layer on the InP layer. Moreover, the manufacture approach of the 
semiconductor device concerning this invention The process which processes the cladding layer of the 
second conductivity type of the account barrier layer upper part of back to front in which the cladding 
layer of the first conductivity type, the barrier layer, and the cladding layer of the second conductivity 
type were formed on InP substrate, in the shape of a ridge stripe, and produces ridge structure, While 
forming a mask in said ridge structure, the aperture for etching is opened in the ridge both sides of this 
mask, and it describes above using this aperture. The process which forms the slot which results in an 
InP substrate, It is high resistance to the part of this slot. The process into which an InP layer is grown 
up alternatively, and this high resistance An InP layer and the both-sides side of said ridge by the 
insulator layer Wrap process, After forming the electrode by the side of said ridge, it is said high 
resistance. It is characterized by providing the process which this insulator layer is made to intervene 
and forms the electrode for wirebonding on an InP layer. 

[0008] In a semiconductor device, when the cladding layer both sides of the second conductivity type on 
a barrier layer are covered with an insulator layer, a current will not cause leak but will flow efficiently to 
the barrier layer under it. Moreover, it is high resistance under the electrode for wirebonding. The 
junction capacitance of a there since an InP layer is arranged is usual. It becomes smaller than the thing 
of a p-n junction. By the manufacture approach of a semiconductor device, on an InP substrate, the 
cladding layer of the first conductivity type. After forming a barrier layer and the cladding layer of the 
second conductivity type, the cladding layer of the second conductivity type is processed in the shape 
of a ridge stripe. While forming a mask in ridge structure, the aperture for etching is opened in the ridge 
both sides of a mask, a slot is formed using this aperture, and it is high resistance to this slot. By 
growing up an InP layer alternatively Manufacture of the semiconductor device of the complicated 
structure which arranges a high resistive layer in the bottom of the electrode section of ridge both sides 
is attained easily. 
[0009] 

[Embodiment of the Invention] Hereafter, the suitable operation gestalt of the semiconductor device 
concerning this invention and its manufacture approach is explained to a detail with reference to a 
drawing. Drawing 1 is drawing showing the structure of the semiconductor device concerning this 
invention. n-InP substrate 31 the n-InP cladding layer (cladding layer of the first conductivity type) 33 
and the InGaAsP barrier layer 35 are formed one by one — the upper part of the InGaAsP barrier layer 
35 — the shape of a ridge stripe The p-InP cladding layer (cladding layer of the second conductivity 
type) 37 and the p-InGaAsP contact layer 39 are formed one by one. On both sides of a ridge, the Fe- 
InP layer 41 of the shape of a stripe which is a high resistive layer It is prepared in the depth which 
results in the n-InP substrate 31, and the Fe-InP layer 41 is. It projects from the InGaAsP barrier layer 
35, and is the meantime. The InGaAsP barrier layer 35 is inserted. Si0243 which is an insulator layer is 
formed above the InGaAsP barrier layer 35 and the Fe-InP layer 41. and Si0243 is coincidence. The 
side face of the p-InGaAsP contact layer 39 and the p-InP cladding layer 37, i.e., mesa both sides, is 
covered. Mesa stripe p mold electrode 45 is formed in the p-InGaAsP contact layer 39, and p mold 
electrodes 45 are formed successively with the electrode 46 for wirebonding prepared through Si0243 



on the high resistance Fe-InP layer 41 . 

[0010] The manufacture approach of a semiconductor device 49 of having such structure is explained 
based on drawing 1 - drawing 9 . For the explanatory view of an etching process, drawing 5 , and drawing 
6 , the explanatory view of a fenestration process and drawing 7 are [ drawing 2 / the explanatory view 
of a MOVPE process, and drawing 3 / the explanatory view of a mask formation process, and drawing 
4 ] the high resistance InP. The explanatory view of an insulator layer formation process and drawing 9 
of the explanatory view of a layer formation process and drawing 8 are the explanatory views of an 
electrode processing process. First, on the n-InP substrate 31 Sequential growth of the n-InP cladding 
layer 33, the InGaAsP barrier layer 35, the p-InP cladding layer 37, and the p-InGaAsP contact layer 39 
is carried out ( drawing 2 ). Next, it is the usual heat CVD (Chemical Vapor Deposition : chemistry 
steamy vacuum deposition) approach about the etching masks 51, such as Si02. It forms on the p- 
InGaAsP contact layer 39. 

[001 1] Next, this etching mask 51 is processed into the shape of a stripe of about 5 micrometers of 
**** with the usual phot lithography ( drawing 3 ), and it leaves the part covered with the etching mask 
51. The p-InGaAsP contact layer 39 and the p-InP cladding layer 37 are removed by chemical etching, 
and it is width of face W1. A ridge stripe is formed ( drawing 4 ) Width of face W1 It reaches in the 
height of a ridge. It determines suitably to oscillate by the basic mode with the presentation of_the 
InGaAsP barrier layer 35, and thickness. For example, a basic-mode oscillation comes to be obtained by 
making it 5 micrometers or less, moreover, the mixed liquor of H2S04+H2 O+H 202 is used as an 
etching reagent of the p-InGaAsP contact layer 39 — as the etching reagent of the p-InP cladding layer 
37 — HCI+H20 By using mixed liquor, when the InGaAsP barrier layer 35 is reached, etching can be 
stopped automatically. 

[0012] After removing the etching mask 51, the selection masks 53, such as Si02, are again formed in 
the whole wafer. Next, as shown in drawi ng 5 and dr awi n g 6 , the stripe-like aperture 55 is opened in the 
both sides of a ridge. The width of face of a wrap part designs a ridge so that it may become widely and 
as narrow as possible from ridge width of face. About 1 0 micrometers is suitable from the problem on 
manufacture. Moreover, width of face W2 of an aperture 55 In order to carry out bonding of the golden 
wire for electrodes to the part, at least 50 micrometers is required. 

[0013] Next, only the part which the aperture 55 opened is etched alternatively. Some of InGaAsP 
barrier layers 35, n~InP cladding layers 33, and n-InP substrates 31 are removed, and a slot 56 is 
formed, the depth of etching can reduce component capacity — 3 micrometers or more are required, 
and although it is better as deep, in consideration of the crystallinity of subsequent selective growth, 
about 5 micrometers is suitable for an upper limit. 

[0014] Next, high resistance InP The pad Fe-InP layer 41 is formed in the part of an aperture 55 for Fe- 
InP indicated by for example, the conventional technique as a layer by MOVPE ( drawing 7 ). Next, 
Si0243 which is an insulator layer is formed in the both sides of a mesa ( drawing 8 ), and it is a mesa 
stripe. The selection mask 53 of the part of the p-InGaAsP contact layer 39 is removed, and p mold 
electrode 45 is formed on it ( drawing 1 ). Finally, as shown in drawing 9 , p mold electrode 45 is 
processed, area is made small, and the electrode 46 for wirebonding is formed. The part which hits on 
the Fe-InP layer 41 is the area prepared in order to carry out bonding of the wire, and is made into the 
minimum magnitude required at the time of bonding. Generally, 50-100micrometerx50-100micrometer 
area is needed. Although either is usually sufficient as an electrode 46, in order to raise the yield of 
bonding, preparing in the both sides of a ridge is desirable. Manufacture of a semiconductor device 49 is 
completed by the above. 

[0015] When normal bias is applied and is operated in the semiconductor device 49 by this operation 
gestalt, the p-InGaAsP contact layer 39 to a current is a passage about flow, the p-InP cladding layer 
37, and the InGaAsP barrier layer 35. A current flows to the n-InP substrate 31 side. Electron hole 
poured into the InGaAsP barrier layer 35 by this A lifting and laser oscillation happen recombination 
radiation in the InGaAsP barrier layer 35. Under the present circumstances, on the InGaAsP barrier 
layer 35 When covered with Si0243 whose both sides of the p-InP cladding layer 37 are insulator layers, 
a current does not cause leak but is under it. It will flow efficiently to the InGaAsP barrier layer 35. 
Moreover, width-of-face W3 of the high resistance Fe-InP layer 41 Leak of the current on which 
thickness fully flows the meantime from a certain thing will become very small widely. Furthermore, the 
junction capacitance of a there since the high resistance Fe-InP layer 41 is arranged in the bottom of p 
mold electrode 46 is usual. It becomes smaller than the thing of a p-n junction. 

[0016] According to the above-mentioned semiconductor device 49, it is on the InGaAsP barrier layer 
35. Since the p-InP cladding layer 37 was made into the ridge and the both sides were covered by 



Si0243 which is an insulator layer, it is on both sides of a mesa stripe like before. p-InP cladding layer 
Leakage current cannot flow mostly in the Fe-InP layer pinched by the n-InP cladding layer, and a 
current can be efficiently passed only to a barrier layer. Consequently, an oscillation threshold becomes 
small and a laser component with sufficient oscillation effectiveness can be obtained. Moreover, since 
the Fe-InP layer 41 of high resistance was embedded in the bottom of electrode 46 part of ridge both 
sides, compared with the case where there is no it, the junction capacitance in the part could be made 
very small, and component capacity was inserted in the Fe-InP layer 41. It becomes only the junction 
capacitance of InGaAsP barrier layer 35 part. Furthermore, since thickness of the high resistance Fe- 
InP layer 41 was made thicker than the conventional thing, component capacity can be made small also 
as the whole component. Consequently, high-speed operation can be raised sharply. 
[001 7] Moreover, according to the above-mentioned manufacture approach, the p-InP cladding layer 37 
can be formed by the ridge, the both sides can be covered by Si0243 which is an insulator layer, and 
the semiconductor device 49 of the complicated structure which arranges the high resistance Fe-InP 
layer 41 in the bottom of the electrode section of ridge both sides further can be easily manufactured 
by using MOVPE and the usual heat CVD. 

[0018] In addition, with an above-mentioned operation gestalt, although semiconductor laser was 
explained to the example, the semiconductor device and its manufacture approach of this invention are 
applicable also to the optical modulator (what used the barrier layer as the light absorption layer) and its 
manufacture approach of the absorption mold using the almost same structure. In this case, how to 
apply bias becomes semiconductor laser and reverse, and not current impregnation but electric field 
come to be built over a barrier layer part. Moreover, the same thing as an above-mentioned example is 
expectable also about effectiveness. 
[0019] 

[Effect of the Invention] High resistance inserted into the cladding layer of the second conductivity 
type, and the cladding layer of the first conductivity type on both sides of a mesa stripe like before 
since according to the semiconductor device concerning this invention the cladding layer of the second 
conductivity type on a barrier layer was made into the ridge and the both sides were covered by the 
insulator layer as explained to the detail above Leakage current cannot flow mostly in an InP layer, and 
a current can be efficiently passed only to a barrier layer. Consequently, an oscillation threshold 
becomes small and a laser component with sufficient oscillation effectiveness can be obtained. 
Moreover, it is high resistance under the electrode of ridge both sides. Since the InP layer was 
embedded, the junction capacitance in the part can be made very small. Consequently, high-speed 
modulation actuation can be raised. By the manufacture approach of the semiconductor device 
concerning this invention After forming the cladding layer of the first conductivity type, a barrier layer, 
and the cladding layer of the second conductivity type on InP substrate, The cladding layer of the 
second conductivity type is processed in the shape of a ridge stripe, the aperture for etching is opened 
in these ridge both sides, a slot is formed using this aperture, and it is high resistance to this slot. Since 
an InP layer is grown up alternatively The semiconductor device of the complicated structure which 
arranges a high resistive layer in the bottom of the electrode section of ridge both sides can be 
manufactured easily. 



[Translation done.] 
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damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is drawing showing the structure of the semiconductor device concerning this 
invention. 

[Drawing 2] It is the explanatory view of a MOVPE process. 
[Drawing 3] It is the explanatory view of a mask formation process. 
[Drawing 4] It is the explanatory view of an etching process. 
[ Drawin g 5] It is the explanatory view of a fenestration process. 
[Drawing 6] It is the explanatory view of a fenestration process. 

[Drawing 7] High resistance InP It is the explanatory view of a layer formation process. 
[Drawing 8] It is the explanatory view of an insulator layer formation process. 
[Drawing 9] It is the explanatory view of an electrode processing process. 

[Drawing 10] It is the explanatory view of the conventional semiconductor laser manufacture approach. 
[Description of Notations] 
31 InP Substrate 

33 N-InP Cladding Layer (Cladding Layer of First Conductivity Type) 
35 Barrier Layer 

37 P-InP Cladding Layer (Cladding Layer of Second Conductivity Type) 
41 High Resistance InP Layer 
43 Insulator Layer 

45 Electrode 

46 Electrode for Wirebonding 
49 Semiconductor Device 
53 Mask 

55 Aperture 

56 Slot 
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